Abstract The aim of the present study was to evaluate the effect of differences in body weight gain after embryo transfer on the pregnancy rates of crossbred heifers used as recipients and raised under a grazing system. The study was performed during the dry (April to September) and the rainy (October to March) seasons. The embryos transferred were produced by in vitro fertilization. The body weight of each recipient was measured immediately before the embryo transfer and 23 to 25 days later, when the diagnosis of pregnancy was performed by ultrasonography. The associations among initial body weight (IBW), daily body weight gain (DWG), season, and pregnancy rate were evaluated using a logistic procedure that included the effect of the IBW, season, and linear and quadratic effects of the DWG. Altogether, there was no effect of season and pregnancy rates did not change between the dry and rainy seasons (42.3 vs. 45.8 %, respectively; P>0.05). However, the pregnancy rate was greater in the recipients with daily body weight gains over 250 g/day, regardless of the season. In addition, the pregnancy rate of the recipients was better (P<0.04) explained by a logistic regression model that included the linear and quadratic effects of the DWG. The probability of each heifer to become pregnant according to DWG is explained by the follow equation: P(y ). In conclusion, body weight gain potential is a critical factor for the pregnancy rates of in vitro embryo recipients managed under grazing systems.
Introduction
Brazil is the world leader in bovine embryo production using the in vitro fertilization (IVF) technique. The overall production exceeded 350,000 embryos in 2011, which represents more than one third of all bovine embryos produced in the world (Viana et al. 2012) . Unfortunately, while the use of the IVF technique has increased in numbers, the performance indexes, especially the pregnancy rate of the embryo recipients, did not significantly change in recent years .
Nutrition is a well-known factor that affects reproductive performance, both in natural breeding and when assisted reproductive technologies, such as artificial insemination and embryo transfer, are used (Robinson et al. 2006) . Nutritionally induced metabolic changes affect a range of parameters related to reproduction, including the intrafollicular environment (Leroy et al. 2011 ), oocyte quality and developmental potential (Adamiak et al. 2006) , progesterone production (Green et al. 2005) , uterine function and health (Zhu et al. 2007; Wathes et al. 2007) , and embryo survival and pregnancy maintenance in the recipients (Jones and Lamb 2008) .
In raising systems in which embryo recipients are kept under grazing conditions, a typical situation in many tropical countries, forage availability and quality are important issues to be considered. During the year, there is a significant variation in the biomass available for pasture, as well as in the grass quality and digestibility (Rueda et al. 2003) , related to seasonal changes in the length of daylight and amount of rain. In the dry season, the low volume and protein levels of the grass may not meet the nutritional requirements for maintenance of the animals and thus reduce the body weight gain or even cause body weight loss and a negative variation of the body condition score (BCS) (Funston et al. 2010) .
The performance of each animal in a grazing system, however, is affected not only by forage availability but also by its own genetic potential and metabolic efficiency (Kawashima et al. 2007 ). Most embryo recipient herds used in large-scale in vitro embryo production (IVEP) programs in Brazil are formed by crossbred cattle , sometimes of unknown Bos indicus × Bos taurus blood share and therefore of unknown nutritional requirements. Much attention was given to the effects of BCS on the pregnancy rate of embryo recipients, but the interplay of body weight gain potential and likelihood of pregnancy is not well understood. The aims of the present study were to evaluate the effect of differences in body weight gain after embryo transfer on the pregnancy rates of crossbred heifers used as recipients of embryos produced in vitro, and to determine the minimum body weight gain level for a good performance of the embryo recipients kept exclusively under grazing systems.
Materials and methods
Location, animals, estrous synchronization, embryo production, and transfer
The study was performed during one year in a farm located in the southern region of Minas Gerais State. The regional climate is Cw according to Koepen's system (Peel et al. 2007 ). The dry season (April to September) is characterized by an average precipitation of 470 mm and low grass availability, while the rainy season (October to March) is characterized by an average precipitation of 1930 mm and high grass availability. Crossbred heifers (B. taurus × B. indicus), nulliparous, with initial body weight (IBW) ranging from 328 to 426 kg were used as embryo recipients. The average BCS were 3.3± 0.6 and 3.4±0.6 during the dry and rainy seasons, respectively, in a 1 to 5 scale (Isensee et al. 2014) . The heifers were kept under a grazing system (Brachiaria brizanta), with ad libitum access to water and to a mineral mixture. During the rainy season, the stocking rate used was 1.3 animal units/hectare (AU/ha), while during the dry season, the rate was reduced to 1.1 AU/ha. The heifers used in each season were standardized before undergoing the synchronization protocol to have a body weight >300 kg and show cyclic ovarian luteal activity.
The estrous was synchronized by an intramuscular injection of 0.530 mg sodium cloprostenol (Ciosin, MSD Saúde Animal, São Paulo, SP, Brazil). The heifers showing estrous behavior between 2 and 4 days after the injection were later evaluated (on average 7 days after estrus) by ultrasonography (Aquila Vet, Esaote, Genova, Italy). Heifers with ovarian corpus luteum (CL) were selected as embryo recipient. Embryos (n=484) were produced in vitro by the same IVEP laboratory (Biotran Biotecnologia e Treinamento LTDA, Alfenas, MG, Brazil), using oocytes recovered by ovum pick-up from Gir donors and fertilized with sex-sorted semen from Gir bulls, as described elsewhere . Briefly, COCs were washed twice in TCM199 plus HEPES medium and matured in vitro in TCM199 (Invitrogen, Gibco BRL, Grand Island, NY, USA) with 10 % inactive estrous cow serum and 20 mg/mL of FSH (Pluset, Hertape Calier, Juatuba, MG, Brazil) for 22 h in a humidified atmosphere of 5 % CO 2 and 38.8°C in air. In vitro fertilization was performed in 100-μL drops of fertilization medium supplemented with 20 μg/mL of heparin and 6 mg/mL of fatty acid-free bovine serum albumin (BSA) fraction V, covered with mineral oil, for 18 h in a humidified atmosphere of 5 % CO 2 and 38.8°C in air. Oocytes were fertilized in vitro using 2×10 6 spermatozoa/ mL, separated by centrifugation in a Percoll discontinuous gradient. After fertilization, oocytes were partially stripped by mechanical pipetting in TALP medium until only one or two cumulus cell layers remained. Groups of 12-18 presumptive zygotes with their respective cumulus cells were then cultured in 50 μL SOF medium supplemented with 10 % FCS and 1 mg/mL BSA, covered with mineral oil. Embryo culture was performed in a humidified atmosphere of 5 % CO 2 and 38.8°C in air. Half of the medium was replaced at 72 h post-insemination (hpi). Only embryos developed up to blastocyst or expanded blastocyst stages and classified as quality grade I were transferred. All procedures of OPU and all embryo transfers were performed by the same technician.
Experimental design
The association of daily body weight gain (DWG) after embryo transfer and pregnancy rate was studied during the dry (April to September) and rainy (October to March) seasons. Both evaluations were done on the day of embryo transfer and 23-25 days later, on the day of pregnancy diagnosis performed by ultrasonography. Daily body weight gain was calculated based on the difference between final and initial body weight of the heifers during this period. The recipients were weighed with an electronic weighing device.
Data analysis
The influence of DWG and season on the pregnancy rate was also evaluated. For this, a generalized linear model for binary trait (pregnant and non-pregnant) was used, using the LOGISTIC procedure of SAS software. This model was selected using a stepwise method and considered the IBW, season, and linear and quadratic DWG effects. The pregnancy rates were compared between seasons with the chi-squared test. The statistical significance was determined based on a P value of 0.05. The analyses were performed with SAS version 9.1.3 (SAS Institute Inc., Cary, NC).
Results
There was no difference (P>0.05) in pregnancy rates among embryo developmental stages, and these data were pooled. The initial average body weight of the recipients was 346.5 ±33.4 kg. There was no difference (P>0.05) in the initial body weight of the recipients between periods (rainy and dry seasons). The overall pregnancy rate was similar between the rainy and dry seasons (42.3 vs. 45.8 %, respectively; P>0.05).
In this experimental approach, where heifers were firstly standardized before undergoing hormone protocols for embryo transfer (ET), the effects of season and IBW on pregnancy rate were not significant (P>0.9 and >0.3, respectively). Therefore, the pregnancy rate of the recipients was better described (P<0.03) by a regression model that included the linear and quadratic effects of the DWG (Fig. 1) . The probability for each heifer to become pregnant according to DWG (g/day) can be explained by the following equation: P(y ).
Discussion
The detrimental effects of the negative energy balance on reproduction are well documented in cattle (Robinson et al. 2006 ). Most of these effects, however, are directly related to reduction in the oocyte quality or in the embryo developmental potential; therefore, the importance of the relationship between nutrition and the uterine microenvironment may be underestimated. Embryo recipients are an interesting model to evaluate this, as long as embryo quality is standardized. In the present study, we evaluated the differences in pregnancy rates according to the daily body weight gain in the recipients of in vitro-produced embryos. These recipients were raised under pasture conditions, so we initially hypothesized that pregnancy rates would be affected by season (dry or rainy). Our main finding, however, was that pregnancy rates were affected by the magnitude of the daily body weight gain between embryo transfer and pregnancy diagnosis, regardless of the season or the initial body weight of the heifers.
In the present study, we evaluated recipients during the expected early pregnancy (from embryo transfer to pregnancy diagnosis, i.e., from day 7 to approximately day 30) because this is a critical phase for the establishment and maintenance of pregnancy, which may be disturbed by several environmental effects, including nutrition. The cross-talk between trophoblastic and endometrial epithelial cells plays a key role in corpus luteum maintenance (Spencer et al. 2006 ). On the other hand, any change in the metabolic route that leads to the endometrial production of PGF 2 α, including those induced by changes in metabolites in the maternal blood, can affect embryo survival (Funston et al. 2010) . After the maternal recognition of pregnancy, which occurs in cattle on approximately day 16 after conception (Lonergan 2011) , the metabolism of the pregnant female gradually changes and supports the maintenance of pregnancy. Thus, further nutritional variations have less impact on embryo/fetus development. Moreover, we evaluated the pregnancy rates of recipients receiving in vitro- Fig. 1 Logistic regression of the probability of pregnancy according to daily body weight gain (DWG). The quadratic function of the DWG (× variable in the equation) better (P<0.04) explained the probability of the pregnancy (P(y=1) in the equation). The term Exp in the equation means exponential function. The central stroke line represents the behavior of the probabilities, and the lateral weak lines represent a 95 % confidence interval produced embryos. These embryos have a lower developmental potential, when compared to those produced in vivo (Machado et al. 2013) , and therefore are a very sensitive model for evaluating factors that affect the likelihood of pregnancy in the recipients.
In the present study, the individual variation in the potential to reach DWG over 250 g/day, regardless of the season, was the main factor affecting pregnancy rates. The regression analysis showed that pregnancy rate increases as DWG increases up to 350 g/day and drops thereafter, suggesting this is a threshold for optimal pregnancy rates in embryo recipients, regardless of the season (Fig. 1) . The individual variation observed in DWG under the same conditions is not unusual for a B. taurus × B. indicus crossbred herd and may be related to differences in the genetic background for metabolic efficiency, growth potential, or even resistance to tropical environmental conditions. Thus, pregnancy rates in embryo recipients raised under pasture conditions could be improved by the selection of heifers according to their body weight gain potential under these conditions.
The detrimental effects of the metabolic changes related to a negative energy balance on the reproductive physiology and performance are well documented (reviewed by Diskin et al. 2003) , especially near ovulation and in the early pregnancy (Robinson et al. 2006) . Zhu et al. (2007) demonstrated that the low availability of nutrients in maternal blood during the early pregnancy could disrupt the cross-talk between the embryo and the mother, even before implantation. In extreme situations, insufficient intake may impair the later stages of follicular development and anestrus is observed in cattle undergoing prolonged periods of under-nutrition (Bossis et al. 2000) . Alternatively, a positive energy balance was associated with an increased likelihood of a shorter calving to conception interval in lactating cows (Patton et al. 2007) .
In cattle herds managed under grazing systems, it could be expected that the seasonal variation in pasture quality would have a major importance in reproductive outcomes. The negative energy balance and body weight loss in the dry period, or the positive energy balance in the rainy period, would cause reduction or improvement in pregnancy rates, respectively, as previously reported (Crowe 2008; Tinoco et al. 2012 ). In the current study, however, seasonal changes in the grass quality and availability were partially compensated by the different stocking rates used and by the expected low nutritional requirements of the heifers, and consequently, there was no effect of season on the overall pregnancy rates. This result suggests that changes in the stocking rate can minimize the detrimental effects of decreased grass availability on reproductive performance.
The evaluation of BCS is an important tool for reproductive management because it reflects the amount of body fat reserve (Isensee et al. 2014) . This is the easiest approach to evaluate the energy balance in cattle; however, because it is a subjective method, slight variation can be undetectable (Crowe 2008) . In our study, the short period between evaluations resulted in relatively small differences in the total body weight (less than 2 %) and consequently in the BCS. Thus, scoring of body condition is not an approach sensitive enough to detect the small changes in body weight that can potentially affect pregnancy rates, as shown in the present study.
In conclusion, body weight gain potential is critical for the pregnancy rates of embryo recipients managed under grazing systems. Daily body weight gains over 250 g between embryo transfer and pregnancy diagnosis are necessary to optimize pregnancy rate in embryo recipients kept in grazing systems, regardless of the season of the year.
